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ABSTRACT 
Objective: Toxigenic Clostridium dificile, the etiologic agent of 
C. cfifficile-associated diarrhea (CDAD), is the most common 
cause of hospital-acquired diarrhea in many developed coun- 
tries In spite of the endemic nature of diarrhea in China, few 
reports of C. difkile infection in this country have been docu- 
mented in the literature. 
Methods: In this study, a polymerase chain reaction (PCR) 
assay was used to determine the presence of toxigenic C. dif- 
ficile in the stools of 19 patients who developed diarrhea after 
antibiotic use in a hospital in China. Clostridium difficile was 
also cultured from the stool of these patients. After DNA extrac- 
tion, PCR was performed with primers targeting C. difkile toxin 
A and toxin B gene sequences. 
Results: Toxin sequences were detected in 5 of 19 (26%) spec- 
imens analyzed. To determine strain identity, these isolates were 
genotyped using arbitrarily primed PCR (AP-PCR). Three AP- 
PCR profiles were identified among these isolates. Three of 
these isolates had the same DNA banding pattern, and they 
were isolated from patients who were at the same institution. 
Conclusions: These preliminary results indicate that C. dhTici/e 
may be involved in some diarrhea cases in China. This study 
may aid in the understanding of the nature of endemic diarrhea 
in this country. 
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Clostridium difficle-associated diarrhea (CDAD) still 
causes considerable morbidity and mortality. Toxigenic 
C. d@kiZe, the etiologic agent of CDAD, is present in 
about 3 to 6% of healthy adults and in approximately two 
to five times that proportion of adult hospitalized 
patients.’ At least two major toxins are known to be 
responsible for some of the symptoms observed in CDAD: 
toxin A, an enterotoxin, and toxin B, a potent cytotoxin.* 
Traditionally, the diagnosis of CDAD is done using tissue 
culture assay for toxin B. However, many hospitals lack 
the facilities to perform this test, and in addition, it has a 
5% false negative rate because of degradation of the toxin 
by proteases present in the feces.’ The use of polymerase 
chain reaction (PCR) to detect C. difficile is well docu- 
mented in the literature.3-6 
Diarrhea is highly endemic in China. Most diarrhea 
cases are reported to be attributable to Salmonella or 
ShigeZZa infections. However, a majority of cases remain 
undiagnosed and are not further investigated, or are diag- 
nosed as acute gastroenteritis. In this study, PCR was used 
to determine the presence of C. difsicile in the stool of 
patients with diarrhea of unknown originThis study is of 
significance as it may aid in the identification of possible 
etiologic agents associated with endemic diarrhea and may 
lead in turn to a more rapid therapeutic intervention. 
MATERIAL AND METHODS 
Patients 
Nineteen patients from the Beijing Union Medical Col- 
lege Hospital and Beijing Railway General Hospital who 
developed diarrhea after antibiotic use were chosen for 
this study during January to May 1996. One of these 
patients had repeated diarrhea and was diagnosed with 
ulcerative colitis.The other cases of diarrhea remained 
undiagnosed. All the patients studied developed diarrhea 
during hospitalization. 
Isolation of Clostridium diffile 
Stool samples were cultured in brain-heart infusion broth 
0 anaerobically for 72 hours at 37°C , then transferred 
to the selective medium for C. difsicile, cycloserine cefoxi- 
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tin fructose agar (CCFA).’ All media were prereduced for 
at least 5 hours before use. Cultures on CCFA were grown 
anaerobically as indicated. Clostridium difsile was iden- 
tified by a rapid latex agglutination test (CDT latex). 
DNA Extraction and Amplification 
DNA extraction from bacterial cultures was performed 
as described elsewhere.*s5 The primers and probes used 
to amplify toxin A and toxin B gene sequences have been 
previously described.4*5 Amplification of a 602 bp DNA 
fragment of the toxin A gene and a 399 bp toxin B gene 
fragment from C. difficile was performed using the 
method of Mullis and Faloona.8 Briefly, the PCR reactions 
were prepared in 1X PCR buffer (50 mM KCl, 20 mM 
Tris-HCl, 2.5 mM MgCl,, 100 pg/mL bovine serum albu- 
min [pH 8.41) and contained per reaction, 20 pmoles of 
the respective primers; 0.1 mM deoxynucleoside triphos- 
phate, 2 units of Taq polymerase (Perkin-Elmer Cetus, 
Norwalk, CT), and 5 ~J,L of the bacterial DNA.The PCR 
profile included a denaturing step at 95°C for 30 sec- 
onds, followed by annealing of the primers for 30 seconds 
at 55”C, with an extension for 30 seconds at 72°C. All 
amplifications were done for 40 cycles in a DNA thermal 
cycler (Perkin-Elmer Cetus). In all experiments, a nega- 
tive control containing all PCR reagents but no DNA was 
used to monitor for contamination. 
Detection of Amplified Products 
Amplification products were visualized by running 9 PL 
of the reaction mixture in a 2% agarose gel (Bethesda 
Research Laboratories, Grand Island, NY) in TBE buffer. 
Size markers included in all gels were the 123 bp-DNA 
ladder. Gels were run inTris borate EDTA buffer (TBE) at 
a constant 110 volts for 90 min. Gels were stained in 
ethidium bromide (0.5 kg/mL) for 30 minutes, destained 
for 30 minutes, and photographed under ultraviolet light 
with a Polaroid Land camera. 
Southern Blot Analysis 
Southern blot analysis of amplified products was per- 
formed as previously described,4,9 using a nonradioactive 
method employing horseradish peroxidase, a biotin 
labelled oligomer, and an enzyme chemiluminescence 
detection system (Amersham, Arlington Heights, IL). 
AP-PCR 
The primer and conditions used to genotype the five iso- 
lates are described in detail elsewhere.lo,ll 
RESULTS 
The authors report the use of PCR to detect infection 
with C. difficile in patients from a hospital in China. 
Amplification of the 602 bp fragment of the toxin A gene 
WI 1 2 3 4 5 6 7 8 9 IO 11 12 13 14 16 
Figure 1. Ethidium bromide-stained 2% agarose gel electrophoresis 
(A) and Southern blot (B) analysis of PCR products of DNA amplified 
with primers targeting the toxin A and 6 genes of C. difOci/e. Lane M: 
123 bp DNA marker ladder: lane 1: PCR product of C. difkile DNA 
amplified with the toxin A primers (expected size 604 bp); lanes 3-7: 
PCR products of DNA from C. difkiie isolated from stool specimens 
and amplified with toxin A primers; lane 9: PCR product of C. difficile 
DNA amplified with the toxin B primers (expected size 399 bp); lanes 
11-l 5: PCR products of DNA from stool specimens amplified with 
toxin B primers; lanes 2 and IO negative controls; lane 8: blank lane. 
and 399 bp fragment of the toxin B gene was observed 
in 5 of 19 (26%) specimens (Figure 1, A). Clostridium 
d@cile was also cultured from these five specimensThe 
remaining 14 specimens were negative both by culture 
and by PCR.The specificity of the PCR products was con- 
firmed by Southern blot analysis using a biotin labelled 
internal probe for both toxin A and B genes (Figure 1, B). 
This study is the first report of detection of C. d@- 
tile in China by a PCR assay, and also indicates that, as oth- 
ers investigate diarrhea in this country, C’. dz$TciZe may be 
found to be a significant cause of diarrhea.The role of C. 
dz~cile in endemic diarrhea in China is not well under- 
stood.The extensive use of antibiotics in China has 
become very common, and many cases of diarrhea after 
antibiotic use have been observed.12 In a recent review, 
Shen and Wu discuss the diagnostic methods used to 
detect CDAD in China.13 Among these, selective cultur- 
ing on CCFA and the tissue culture assay for toxin B are 
the most commonly used tests, but only a few selected 
hospitals have the facilities to perform these testsThese 
tests have variable sensitivities and specificities, which 
could lead to misinterpretation of the results.’ In addition, 
many clinicians in this country are not familiar with C. 
d@kiZe infection and therefore do not further investi- 
gate undiagnosed cases of diarrhea. 
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Figure 2. Genotyping of C. diRici/e isolates by arbitrarily-primed PCR 
with the arbitrary oligonucleotide T-7. Lane M: 123 bp DNA marker 
ladder; lanes l-10: DNA banding patterns, five C. difficile isolates 
(duplicate reactions are shown); isolates 3, 4, and 5 (lanes 5-10) are 
the same AP-PCR type; lanes 11-l 4: controls for AP-PCR; lane 15: 
blank lane. 
The AP-PCR genotyping results identified three major 
groups (Figure 2).Three isolates had the same DNA band- 
ing pattern, and they were isolated from patients hospi- 
talized at Beijing Union Medical School Hospital. It has 
been reported that the environment and patient-to-patient 
transmission are factors in the acquisition of CDAD in 
hospitals.l* The results obtained in this study indicate a 
possible common source of infection, either cross-infec- 
tion or environmental contamination. However, further 
work remains to be done to investigate the epidemiology 
of CDAD in China. 
Polymerase chain reaction <pCR) provides a sensitive, 
specific, and cost effective method to detect C. difsile 
infections, especially in developing countries that lack 
facilities to perform anaerobic culture or tissue culture. 
At present, PCR is being implemented on a clinical trial 
basis in China.These assays can be performed in 24 to 
36 hours at an approximate cost of $90 to $100 per test, 
avoiding the need for tissue culture facilities and cell 
maintenance. 
REFERENCES 
1. Gerding DN, Johnson S, Peterson LR, Mulligan ME, Silva J Jr. 
Clostridium dzflcile-associated diarrhea and colitis. Infect 
Control Hosp Epidemiol 1995; 16:459-477. 
2. Lyerly DM, Krivan KC, Wilkins TD. Clostridium d@cile: its 
disease and toxins. Clin Microbial Rev 1988; 1: l- 18. 
3. Kato N, Ou CY, Kato H, Bartley SL, et al. Identification of 
toxigenic Clostridium difsicile by the polymerase chain 
reaction. J Clin Microbial 1991; 29:33-37. 
4. Gumerlock PH,TangYJ, Weiss JB, Silva J Jr. Specific detection 
of toxigenic strains of Clostridium difficile in stool speci- 
mens. J Clin Microbial 1993; 31:507-511. 
5. Tang YJ, Gumerlock PH, Weiss JB, Silva J Jr. Specific detec- 
tion of Clostridium difsicile toxin A gene sequences in clin- 
ical isolates. Mol Cell Probes 1994; 8:463-467. 
6. Wren BW, Clayton CL,Tabaqchali S. Nucleotide sequence of 
Clostridium d@‘cile toxin A gene fragment and detection 
of toxigenic strains by polymerase chain reaction. FEMS 
Microbial Lett 1990; 70:1-6. 
7. George WL, Sutter Vl, Citron D, Finegold SM. Selective and 
differential medium for the isolation of ClosWidium difsile. 
J Clm Microbial 1979; 9:214-219. 
8. Mullis KB, Faloona FA. Specific synthesis of DNA in vitro via 
a polymerase-catalyzed chain reaction. Methods Enzymol 
1987; 155:335-350. 
9. Gumerlock PH,TangYJ, Meyers FJ, Silva J Jr. Use of the poly- 
merase chain reaction for the specific and direct detection 
of Clostridium d@?cile in human feces. Rev Infect Dis 1991; 
13:1053-1060. 
10. Silva J Jr, Tang YJ, Gumerlock PH. Genotyping of Clostrid- 
ium d@cile isolates. J Infect Dis 1994; 169:661-664. 
11. Tang YJ, Houston ST, Gumerlock PH, et al. Comparison of 
arbitrarily primed PCR with restriction endonuclease and 
immunoblot analyses for typing Clostridium d@ikile iso- 
lates. J Clin Microbial 1995; 33:3169-3173. 
12. Yu-Gang S, Xiao-Ping E Antibiotic-associated diarrhea in 
burned Chinese patients [In Chinese]. J Chin Pharm 1990; 
10:438-457. 
13. Shen J, Wu XN. Antibiotic-related diarrhea [In Chinese]. J 
Clin Physiol 1994; 8:7-9. 
14. Nath SK,Thornley JH, Kelly M, et al. A sustained outbreak of 
Clostridium difsicile in a general hospital: persistence of a 
toxigenic clone in four units. Infect Control Hosp Epidemiol 
1994; 15:382-389. 
